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Abstract 
This article deals with designing problems of intermediate stage guide vanes of centrifugal pumps. The flow structure 
analysis in the flow part of stage with two types of guide vanes: with continuous transferable channels and with 
intermittent transferable zone is shown. 
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1.  Introduction 
In the flowing part of a multistage centrifugal pump there can be applied two types of guide vane: 
guide vanes with continuous transferable channels (CTC) and guide vanes with intermittent transferable 
zone (ITZ) (see fig. 1). At the same stage parameters, the guide vane with CTC has large mass and radial 
dimensions. To reduce the pump mass and dimension characteristics, it is expedient to apply guide vanes 
with ITZ. 
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a) b)
Fig. 1. Guide vane variants (ɚ – with CTC, b – with ITZ) 
2. The review of the existing methods to design the guide vanes for intermediate stages 
The analysis of the flowing parts created earlier and known from the art displays that the ratio of the guide vane 
external diameter (DGV) by the diameter (DB3B) at the beginning of the vanes for the guide vane channels (GVC) 
of the guide vane with CTC is usually within 1.35 ÷ 1.50 whereas at the guide vane with ITZ this ratio can be 
more low. Reducing the radial dimensions of the guide vane cold result in essential lowering the mass and 
dimensions performances of the pump. On performing the comparison of the guide vane with CTC and the guide 
vane with ITZ for the pumps of the same parameters, there was defined that the mass of the pump having the 
guide vane with CTC is 30 % more than the mass of the pump having the guide vane with ITZ. If to lower the 
guide vane radial dimensions and, hence, the same for sections and covers, it is possible to reduce the pump 
weight by 10-15 %. 
The comparative analysis of the stage profitability with the guide vanes of different types has 
displayed that it is impossible to assert uniquely that the efficiency for the stages with the guide vanes 
equipped with CTC is higher than the efficiency for the stages with the guide vanes equipped with ITZ 
(see Fig. 2). 
The analysis of the stage guide vane radial dimensions has displayed that frequently at machining the guide 
vanes, there had not been paid any attention to the problem of reducing their radial dimensions was not paid. 
Even while applying the guide vanes with ITZ, the dimensions were selected in accordance with the existing 
dimensions of the sections. The low levels of profitability, which have been received for the guide vanes with 
ITZ, are a consequence of the fact that designing the guide vanes with ITZ has been performed under the one-
dimensional theory of a fluid flow and the empirical characteristic curves. Besides, there was not paid any 
special attention to the problem of optimization of the geometrical sizes for the purpose of lowering the 
hydraulic losses for the guide vanes with ITZ. 
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Fig. 2. The analysis of the efficiency level for the simulation stages (dark blue rhombuses – the guide vanes with CTC, red circles - 
the guide vanes with ITZ) 
In Fig., 3 there given the analysis of the radial dimensions of the intermediate stages for the centrifugal pumps 
of medium rapidity in comparison with recommendations known from the art. According to [X1X] ratio DGV B/D2 for 
the stages of different rapidity is in limits of 1.32 to 1.55. The analysis of ratio DGV B/D2 under the recommendation 
[3] has represented a scatter in a range of 1.22 to 1.45. According to [X2X], DGVB B/D2 is equal to a range of 1.35 to 
1.60. The stages that were developed at JSC VNIIAEN have scatter for ratio DGV B/D2 in a range of 1.25 to 1.60. 
The analysis of some references [4X, X5, 6, 7, 8] has displayed that any recommendations concerning design of 
the guide vanes with ITZ are practically not available. At designing the guide vanes, the main attention was paid 
to investigation of a slanting cut and a guide vane and also to the guide vane elements that form the flow at the 
impeller inlet (the angle of installation for the vanes of inverse channels of the guide vane αB6L). Designing the 
transferable zone and the inlet onto the guide vane inverse vanes was performed with the use of the empirical data 
received in compressor building [4] and also based on so called “design reasons”. The energy losses in the 
transferable zone located before the vanes of the guide vane inverse channels (IC) make about 40 % of all losses 
in IC. The others 60 % are a share of the losses in the vane grid of the inverse channels (IC) and at the outlet 
portion [4]. Therefore, when designing the guide vane, especially, the guide vane with ITZ, these elements must 
be paid no less attention to than a slanting cut, and a guide vane. 
With an account of the above said conclusions, the problem of implementing the analysis of the 
flowing parts, being at the authors’ disposal, for the purpose of determining the basic geometrical criteria 
influence on the shape of the head pressure performance and efficiency of the stage, is actual. In order to 
account for the flow structure in the guide vane elements, it is possible to perform numerical simulation 
of the flow in the flowing part of the stage using the software product ANSYS CFX 11.0. The numerical 
simulation allows optimizing the configuration of the guide vane flowing part based on the data obtained 
in flow structure with minimal time and resources. 
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Fig. 3. The analysis of radial dimensions for the steps of the centrifugal multistage sectional pumps that are determined per various 
sources 
The basic criteria characterizing the guide vane operation are throughput capacity factor (m) and inlet 
flow angle α3P. 
The throughput capacity factor m is determined after formula (1) [6]: 
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 is velocity moment at impeller outlet, mm2/s. 
In [9, 10], it is recommended to take value m = 1, 1÷1, 4, with specification: “the better the channel is 
hydraulically profiled, the lower the factor m should be chosen”. 
At a constant width of the guide vane channel inlet (GVC) (bB3B), reducing the radial dimensions at 
maintaining the throughput capacity can be achieved by diminishing the height of the inlet section (ɚB3) and 
increasing the number of the GVC vanes (ZGVC). In addition, at reducing the height of the cross-section at the 
GVC inlet, the ratio of this height to the width at the GVC inlet is diminished reducing the hydraulic radius at the 
GVC inlet and thus lowering its hydraulic properties [X2X, 6, 8].  
Consequently, the existing guidelines for choosing the throughput capacity factor, which are applied for 
conventional guide vanes with CTC, require clarification at designing the guide vanes with ITZ having 
small radial dimensions.  
Fig. 4 demonstrates the characteristic curve showing the throughput capacity factor dependence on the shape 
of the cross-section at GVC inlet, wherefrom it follows that in the case of deviation of the cross-section form at 
GVC inlet from the square one, the throughput capacity factor increases. 
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Fig. 4. The throughput capacity factor dependence on the shape of the cross-section at GVC inlet (aB3/b3), (blue rhombuses and line - 
ZGVC = 6, pink squares - ZGVC = 8, green triangles and line - ZGVC = 9, red circles ZGVC = 12) 
With decreasing the guide vane external diameter, there is decreasing the GVC length (LDB), that does not 
correspond to the optimal ratio (LDB/ɚB3) which is recommended in the literature [6, 11]. It is therefore advisable to 
perform the curvilinear guide vane GVC with the diminished radial dimensions and the curvilinear guide vane 
with ITZ. The analysis of the reference [12] has displayed that curvilinear channels are worse as for the 
profitability than rectilinear ones. Nevertheless, there is known positive experience of some companies as for 
using the stages with the guide vanes having curvilinear GVCs. 
At reducing the radial dimensions, the GVC degree cone is also diminished (F4B/F3). The analysis of the 
literary data [2, 8, 11] has displayed that degree cone should not be less than 1.5. For the staged analyzed, 
there has been plotted the characteristic curve describing the dependence of the guide vane GVC degree 
cone (F4/F3) on the rapidity factor, which is presented in Fig. 5. Nevertheless, despite a wide scatter of 
parameters, it is possible to note that with increasing nBs, there is observed diminishing of degree cone. 
Also one of the parameters, which require being paid attention to while designing guide vanes with ITZ, is the 
angle (Į5L) for the installation of the vanes of the inverse channels (IC) that is determined depending on a flow angle 
(Į5p). The analysis of references [4, X5] has displayed that the recommendations concerning angle ĮB5ɩB calculation are 
based on the condition of the velocity moment stability and one-dimensionality of the flow. Therefore, to more 
accurately determine an inlet flow angle for a guide vane GVC, it is necessary to consider the actual flow structure. 
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Fig. 5. The characteristic curve describing the dependence of the guide vane GVC degree cone on the rapidity factor 
Also, the space (a ring elbow) being located between the GVC outlet and the IC inlet makes a significant 
influence on the losses in the guide vane with ITZ and on the flow angle ĮB5PB. 
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According to the experience of designing guide vanes with ITZ for the rapidity nBsB = 130÷140 [13], the use of the 
numerical simulations makes it possible to select the optimum sizes for the specified spaces and for the inlet areas of 
the IC vanes at a design stage for the purpose of minimizing the losses. 
3. The analysis of the flow structure in the guide vane  
The flow structures in the guide vane of the various types essentially differ. So at researching the guide 
vanes with their GVC and IC identical geometrical sizes, which and differ only by the transferable zones, 
there has been marked the distinctions in the flow structures. In Fig. 6, there are given the comparative 
pictures of the flows in the transferable zones for the guide vane with CTC and for the guide vane with 
ITZ. 
It may be noted that unlike the guide vane with CTC, wherein the flow is clearly visible within the 
channel, the velocity vectors are parallel to the limiting walls, at the guide vanes with ITZ, there is 
occurred the mixture of the flows leaving different GVCs. In this case, there are appeared mixing two 
flows practically with almost the same velocity that causes a minimal loss of mixing.  
The IC flow structure is significantly different too. The availability of the angle of attack on the inlet 
edges of the IC vanes results in separating the flow off the IC vane walls as well as in increasing the flow 
deflection from the vanes at the IC outlet. 
ɚ)     b) 
Fig. 6. Visualization of the flow in the guide vane transferable zone (ɚ – for the guide vane with CTC, b – for the guide vane with 
ITZ) 
Fig. 7 shows a comparison of the flow isocurves in the guide vanes with CTC and with ITZ. It is clear 
that with almost the same picture for GVC, there received quite different picture for IC. In the guide vane 
with CTC the IC isocurves are almost parallel to the walls, the flow is steady, and the flow deviation at 
the IC outlet is minimum. But in the guide vane with ITZ, the IC isocurves are curved and on the vane 
concave side, there is a separation zone, and at the outlet, there can be clearly noted significant deviation. 
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ɚ) b) 
Fig. 7. Influence of the guide vane design change on the flow structure  
The present method of calculating the IC flow swirling is based on the empirical dependence and takes into 
account only one geometric factor, namely, the angle of setting IC vane at the outlet: ĮB6L [14], therefore it requires 
corrections.  
Fig. 8 represents comparative pictures for the flow in IC of the guide vane with ITZ with different 
configuration of the IC vanes, which were obtained from the results of the numerical simulations. 
Fig. 8. The comparative pictures for the flows in IC guide vane 
While analyzing the given drawing, one can see that the flow structure essentially depends on a configuration 
of the inverse vanes, an attack angle at the inlet onto the vanes as it had been already mentioned. The analysis of 
the results of researching the flow structure and value of the losses, which was carried out for various guide vanes, 
has displayed complicate multicriteria dependence of the losses and kinematical parameters on the guide vane 
geometry. Thus, at the present stage, for the guide vane with ITZ, it is necessary to perform designing the IC vanes 
with the use of the numerical simulation methods of the flow calculation that allows taking into account the flow 
spatiality. Besides, applying the numerical simulation methods, it is possible to define with an adequate accuracy 
the velocity moment after the guide vane that essentially influences on designing the impeller and predicting the 
performance of the stage as a whole. 
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4. Conclusions 
1. One of the ways to reduce the cost of a multistage centrifugal pump at the constant rotational speed is to 
reduce its weight and size characteristics using the stage, whereat there is applied an impeller with ITZ.  
2. The analysis of various references and the review of existing flowing parts has displayed that the main 
attention at designing guide vanes had been paid to the elements of the spiral portion and GVC. Designing was 
carried out with the use of the one-dimensional theory of a fluid flow and did not take into account the flow 
spatiality. 
3. The state-of-the-art review of the flowing parts with the guide vanes of various types and also the 
numerical simulations of the flow in the guide vane with ITZ have displayed that the recommendations known 
from the art and used at designing the guide vanes with CTC should be specified for the guide vanes with ITZ. 
4. At designing the guide vanes with ITZ, it is necessary to pay attention not only to the GVC optimization, 
but also to the determination of the geometry of the space after GVC, the shape and curvature of the IC vanes and 
to the definition of the angles for installation of the IC vanes at the inlet and outlet. 
References 
[1] Comparison of Various Boiler Feed Pump-Design Used in Fossil-Fired Power Station. Cord H. Laux. Pump Division. 
Sulzer. Bros. Ltd.
[2] A.I. Stepanov. Centrifugal and Axial Flow Pumps. The Theory, Design and Application. [Translated from English by 
Engineer M. Ja. Leyferov and (Cand.Tech.Sci.) Ph.D. M.V. Polikovsky]; [Edited by Dr. Professor V.I. Polikovsky]. Moscow. State 
STP of Machine Building Literature, (1960), 465 p. 
[3] S.A Gorgidzhanyan, N.V. Husin. Calculation and Design of Radial Blade Taps for High-Speed Centrifugal Pumps. LPI Proceedings, 
Energomashinostroenie, No.323, Mashinostroenie, pp. 114 –122. 
[4] G.N. Dan. Flow Mechanics in Centrifugal Compressors, Mashinostroenie (Leningrad Branch), (1973), 272 p.
[5] K. Pfleiderer. Shoulder-Blade Machines for Liquids and Gases. Water Pumps, Fans, Turboblowers, Turbocompressors, [The 4th Revised 
Edition], [Translated by Engineer A. M. Ladogin] [Edited by Dr. Tech. Sciences, Professor V.I. Polikovsky], Moscow, State STP of Machine 
Building Literature, (1960), 683 p. 
[6] A.K. Mikhailov, V.V. Malyushenko. Design and Calculation of High Pressure Centrifugal Pumps, Moscow, 
Mashinostroenie, (1971), 304 p. 
[7] N. K. Rzhebaeva, E.E. Rzhebaev. Calculation and Design of Centrifugal Pumps: Manual, Sumy, Sumy State University 
Publishing House, (2009), 200 p. 
[8] Ⱥ.Ⱥ. Lomakin. Centrifugal and Axial Flow Pumps. Mashinostroenie, (1966), 361 p. 
[9] N.D. Polotsky, F.A. Bognitskaya, R.M. Agulnik. Calculation of Discharging Devices for Centrifugal Pumps, [Edited by S.S. Rudnev], 
M.: TSINTIHimneftemash, (1967), 48 p. 
[10] I.V. Davydov. Researching Guide Vanes for Centrifugal Pump, Proceedings of State Science and Technique Institute of 
Hydraulic Machine Building, Issue XXII, Pumps Calculations and Researches, M. State STP of Machine Building Literature, 
(1958).  pp. 49-71. 
[11] Igor J. Karassik, Joseph P. Messina, Paul Cooper, Charles C. Heald. Pump Handbook, Third Edition, The McGraw-Hill Companies Inc., 
(2001), 1319 p. 
[12] I.E. Idelchik. Handbook of Hydraulic Resistance, M.: Mashinostroenie, (1975). 560 p. 
[13] P.L. Olsztynsky, S.O. Lugovaya. Investigation of the Flowing Part of the Centrifugal Pump with Reduced Mass-Dimensional 
Characteristics in the Range of ns = 120÷140, Abstracts of International Scientific and Technical Conference ECOPUMP.RU'2009 ‘Efficiency 
and Environmental Safety of Pumping Equipment’, (2009), pp. 32-33. 
[14] A.I. Biryukov, N.N.Kochevsky, E.I.Yankin. Defining of Flow Rate Moment in the Area After Guide Vanes for the Intermediate stage of 
Centrifugal Multistage Pump, Chemical and petroleum engineering, (1976), 31 p.
